Objectives: The purpose of this study is to clarify the influence of social interaction on the effect of a cognitive intervention program using Go.
Cognitive decline is a crucial issue in aging societies. It is well known that cognitive decline is associated with cognitive reserve throughout life. [1] [2] [3] Increasing cognitive reserve has attracted a great deal of attention in research regarding the prevention of dementia. To improve cognitive reserve, individuals need to participate frequently in activities over a long period without losing motivation. Cognitive leisure activities (eg, reading, playing games, etc.) are examples of such activities, many of which include social interaction in addition to intellectual stimulation. Previous studies have reported that both intellectual stimulation and social interaction reduce the risk of dementia. [4] [5] [6] [7] Several intervention programs incorporating cognitive leisure activities that focus on preventing cognitive decline have been conducted. For example, "learning therapy," consisting of reading aloud and performing simple calculations, has been suggested to improve frontal function 8, 9 ; however, in those programs, confounding factors such as conversation and interaction with staff or other program participants were noted. Social interactions including verbal and nonverbal behavior such as affective (ie, being thoughtful of others) and visual communication (ie, recognizing facial expressions) are regarded to influence cognitive functions. 10, 11 Therefore, it is unknown whether the obtained intervention effect is influenced by reading aloud, by doing calculation, or by social interaction.
Another previous study involving cognitive intervention through a training program for reading a picture book showed improved cognitive function, especially in terms of verbal function. 12 However, this program also involved close interaction with other participants.
Regardless of this being an issue in numerous cognitive intervention studies that has been discussed among researchers, to our knowledge, no studies have focused on the influence of social interaction in the same intervention programs.
In the present study, we aimed to clarify this issue by conducting a cognitive intervention program using a board game. Board games require a high degree of intellectual stimulation, and it is generally easier for older adults to stay motivated to play such games over the long term.
Also, since board games involve methods that must be learned both individually and in groups, it is easy to compare the intervention effects.
We focused on the game "Go" in this study. Go is the oldest and one of the most popular strategic board games in Asian countries, and it has become increasingly popular in Western countries. 13 The objective of Go, which begins with a clear board, is to surround more territory with stones than the opponent. Go involves various kinds of strategies, including the need for good decision-making and to be aware of a wide visual playing space; therefore, Go could strongly influence cognitive function (eg, visuospatial function). We previously investigated the effects of Go on cognitive function in patients with dementia and in persons with mild cognitive impairment (MCI) who were living in a nursing home. 14 The results indicated that Go might improve working memory. However, confounding factors such as social interaction with others were inevitable.
Therefore, the purpose of the present study was to examine the effects of a game intervention using Go on cognitive function, focusing on the differences in social interaction which is regarded in this study as verbal and non-verbal communication. 
| Non-face-to-face group (NFG)
We provided each participant with a tablet computer during the intervention period. Using the tablet, each participant in the NFG individually attended the same Go classes as those in the FG for the same time and period and at the same frequency. Participants could not talk or ask questions directly to the instructors or other participants. A onetime briefing session regarding the operation of the tablet was held before the intervention. We restricted the participants from operating the tablet in any way that was unrelated to the Go program. We created an original website and released videos with content identical to that learned by the FG so that the NFG could attend lectures using the tablet. For the Go exercises and kifu-narabe, we provided the same textbooks and homework to the FG and NFG and asked them to complete it by themselves. Participants used a tablet application called "Go Quest" to play Go alone. We asked participants to return the tablet and their homework at the end of the intervention.
| Active control group (CG)
Participants attended a 2-hour lecture on health maintenance, including topics such as frailty, sarcopenia, and depression, once a month. All participants took part in a total of three lectures, all of which were unrelated to Go.
At the orientation session, it was explained to the participants that they were not allowed to learn anything else (including playing Go game) other than the task assigned during the intervention, and the participants complied with the rule. Therefore, the participants of the FG did not play Go using tablet during the intervention period, and the participants of the NFG did not play Go with others face-toface. In the CG, we did not provide any tools for this intervention program and prohibited these participants from learning how to play Go.
| Measures
We set outcome measures for Go performance and each cognitive domain. The primary outcome measure was working memory, and the secondary outcomes were verbal function, executive function, and Go performance. Assessments were performed by testers who were blinded to the participant groups.
| Baseline characteristics
All participants were interviewed to obtain data on their baseline characteristics, including age, sex, education level, past medical history, medication history, functional capacity using the TMIG Index, 16 and mental health using a Japanese version of the World Health
Organization (WHO)-Five Well-Being Index (WHO-5-J). 17 We also assessed global cognition as a baseline characteristic using the Mini-Mental State Examination-Japanese (MMSE-J) 18, 19 and the Japanese version of the Montreal Cognitive Assessment (MoCA-J). 20 The maximum score on both tests is 30 points. The MMSE-J is a screening tool for dementia and has a cutoff score of 23/24. The MoCA-J is a brief cognitive screening tool for MCI and has a clinical cutoff score of 25/26. VMST is the sum of forward (VMSF) and backward (VMSB) task subscales. In the VMSF, the examiner touches random square sequences shown on a test paper, and the participants are required to repeat it.
In the VMSB, the participants are required to memorize and repeat the sequences in reverse. The score ranges for the VMST, VMSF, and VMSB are 0 to 26, 0 to 14, and 0 to 12, respectively.
The Digit Span Test (DST) from the Wechsler Adult Intelligence Scale-III 22 was used to evaluate verbal working memory. The DST is the sum of forward (DSFT) and backward (DSBT) task subscales. In the DSFT, the participant is required to memorize and repeat a sequence of numbers. In the DSBT, the participants are required to memorize the sequence and repeat it in reverse. The score ranges of the DST, DSFT, and DSBT are 0 to 28, 0 to 16, and 0 to 14, respectively.
| Verbal function
The logical memory (LM) I and II subscales of the Wechsler Memory
Scale-Revised 21 were used to evaluate immediate and delayed verbal memory. In these tests, the participant is required to remember the content of two short stories. In LM I, the participant is required to repeat both stories immediately after the examiner finishes reading them, and in LM II, the participant is required to recall both stories 30 minutes after. The maximum score for both tests is 50 points.
Verbal fluency tests 23 were also used to evaluate verbal function.
Each participant was required to generate as many words starting with a specific Japanese syllable or belonging to the same category (eg, "animals", "vegetables") as possible within 1 minute.
| Executive function
Parts A and B of the Trail Making Test (TMT-A and TMT-B) 24, 25 were used to evaluate executive function. Both parts of the TMT consist of 25 scattered circles written on the examination paper. In TMT-A, the circles were numbered from 1 to 25, and the participant was asked to draw lines to connect the numbers in order as quickly as possible.
TMT-A was also used to assess simple attention. In TMT-B, the circles included either numbers 1 to 13 or the first 12 letters of the Japanese hiragana syllabary. Participants were required to connect the numbers and hiragana letters alternately (for example, participants connected "1" with "a") as quickly as possible. Faster performance on this examination indicates higher executive function.
| Assessment of Go skill
Four instructors created an original "Go test" and evaluated each participant's learning level. In accordance with the rules and techniques of Go, the Go test consists of four exercises: an early-stage exercise, a middle-stage exercise, and a final-stage exercise. The maximum score is nine points. A higher score indicates better Go playing ability.
| Sample size
Based on our pilot study, 14 we hypothesized a medium effect size of the change of scores in the DSTs and VMSTs, which are the main outcomes in this study, among the three groups. The sample size was calculated with G*power (http://www.gpower.hhu.de) based on 95% power, a two-sided hypothesis test, an alpha level of 5%, and
an analysis of variance model between groups over time. The sample size calculation showed that we needed a total of 66 participants with consideration of a 30% drop-out rate. The results of the G*power were described in Appendix A.
| Randomization
After we received informed consent from the participants, we conducted simple randomization using a random number generation method with the RAND function in Microsoft Excel 2013. Each participant was assigned an identifier (ID number) used for randomization, and their names were deleted during the process. Then, we sent letters to the participants to inform them of their allocation.
| Statistical analysis
All analyses were conducted using SPSS version 23 (IBM Inc., Chicago, IL). Baseline characteristics such as age and education were compared among the three groups using one-way analysis of variance. The
Bonferroni method was used for multiple comparisons and significant differences regarded as P < .016. Comparisons between sexes were conducted using the chi-square test. Considering that the mean scores of TMIG Index, WHO-5-J, MMSE-J, and MoCA-J are generally not normal distributed, their mean scores were compared using the Kruskal-Wallis test. Except for the Bonferroni method, a P value <.05 was considered statistically significant.
Mixed-model analysis of covariance (ANCOVA) was used to assess the changes before and after the intervention in cognitive and Go test scores. The covariates were age, education level, and baseline
MoCA-J score. Group (FG, NFG, or CG) was a fixed factor, and time (pre and post) was a repeated measures factor. Considering that the Go test was originally created in this study, the normality distribution of scores is unclear. For this reason, we calculated the difference of the scores of the Go test between post-and pre-tests for each group and compared the difference of scores between the intervention groups (FG and NFG) and the CG using Mann-Whitney U tests as additional analysis.
We compared the magnitude of intervention effects among groups using Cohen's d. To calculate Cohen's d, the differences obtained by subtracting the scores from post-to pre-intervention in each group were used as indicators. We calculated Cohen's d between the FG and CG and between the NFG and CG.
3 | RESULTS
| Compliance with the program
Two participants in the FG, one in the NFG, and six in the CG dropped out of the intervention program for the following reasons: (1) in the FG, one participant was hospitalized with a severe medical disorder, and another refused to attend the Go classes; (2) in the NFG, one participant refused to use the tablet computer; and (3) in the CG, four participants refused to be assigned to the CG, one was hospitalized with a severe medical disorder, and one refused to participate in the follow-up assessment. Therefore, 25, 25, and 22 participants in the FG, NFG, and CG, respectively, were included in the final analysis.
The participants complied with the assigned intervention instructions during the intervention period. Table 1 shows the baseline characteristics of the participants who were included in the final analysis. Significant group differences were found in the MoCA-J (P < .05) score. Post-hoc analysis suggested significant differences in MoCA-J scores between the NFG and CG (P < .016). No significant differences were observed in age, sex, educational history, TMIG Index, WHO-5-J, or MMSE-J. For the VMST, the simple main effect showed that compared with the CG, scores in the FG were significantly higher after the intervention (P < .05) and that scores in both the FG and the NFG were significantly improved after compared with before the intervention (P < .05). No significant differences were observed in the CG. For the VMSB, the simple main effect showed that compared with the CG, scores in the FG and NFG were significantly higher after the intervention (P < .05) and that scores in the FG were significantly Comparing the three groups: *P < .05.
| Characteristics of the participants

| Effects on cognitive function
Bonferroni method for multiple comparisons: **P < .016 NFG vs CG. 3.4 | Go playing performance Figure 3 shows the results of the Go test. Go test scores were significantly improved in the FG and NFG (both P < .01), and the scores were significantly higher for both groups after the intervention compared with the CG (both P < .01). However, no significant differences were observed between the FG and NFG. CG did not show any significant score changes. In addition, as the results of MannWhitney's U test were conducted as additional analysis, the difference of scores of the Go test was significantly large in the FG and NFG compared with that of the CG, and their scores were improved (both P < .05).
| DISCUSSION
The purpose of the present study was to examine the effects of a Go game intervention program on cognitive function, with a focus on differences in social interaction. The results indicated that visual working memory was improved in both intervention groups (FG and NFG), whereas no significant changes were seen in the CG. In addition, greater intervention effects were observed in the FG compared with the NFG although significant improvements in Go skills were seen both in the FG and NFG.
Go requires players to spatially recognize, memorize, and respond to the moves of their opponent. The results of improved visual working memory reflected the basic processes of playing Go. Moreover, the intervention effect seen in both the FG and NFG supports the hypothesis that playing Go itself improves visual working memory.
Regarding the greater intervention effect seen in the FG, the results showed that playing the game face-to-face resulted in greater intellectual stimulation than playing the game alone. The reason for this could be affected from social interaction that the participants were attempting to recognize their opponent's facial expressions and surrounding circumstances while playing, as well as talking with their instructors or the other participants during the group lessons. Furthermore, there is a possibility that playing with others required participants to develop critical thinking and concentrate more than playing with computers. Therefore, the difference in concentration during the game may have also influenced the intervention effect in addition to social interaction.
On the other hand, the NFG was exposed to learning elements other than Go, such as tablet operation. Although this could be a potential confounding factor, we regard that the improvement observed in visual working memory was not greatly influenced by learning how to operate the tablet because a previous intervention study using a tablet computer showed no effect on visuospatial function.
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Although no significant differences were observed in the DST, which evaluated verbal working memory, a previous study showed that playing Go improved the DST in nursing home residents. 14 This discrepancy may be because participants in the previous study included patients with MCI and dementia; therefore, the Go intervention may be effective to verbal working memory for such patients.
However, the intervention effect may not be sufficiently large to improve outcomes in healthy older adults.
We hypothesized that verbal function would be greater in the FG than in the NFG because of the increased social interaction. However, The results of the present study showed that the TMT, which was conducted to assess executive function, had no significant intervention effect in either the FG or the NFG. We hypothesized that the NFG would show greater improvements in executive function than the FG because tablet operation is a new and somewhat complex skill.
However, operation of the tablet in this program was not complex enough to effect on executive function.
This study has a few limitations. Regarding the FG, the strength of the interaction and the amount of communication with others differed for each participant. Since the amount of communication could not be measured quantitatively, the exact effect is unknown. Regarding the NFG, the confirmation of progress was done by self-report, so it was difficult to accurately measure the time the tablet was used. Not being able to control these individual differences was the limitation of this research.
In addition, the long-term effects and the possibility of continuing to play could not be assessed in this 3-month intervention. Therefore, follow-up surveys to evaluate the continuation rate and changes in cognitive function should be conducted in future studies. 
| CONCLUSION
The results of the present study showed that our Go intervention program could improve visual working memory in community-dwelling older adults. Furthermore, the intervention effects in the FG was greater than those in the NFG although the results showed that both the FG and NFG improved their Go test scores compared with the CG.
These results suggest that increased social interaction via playing a board game face-to-face is more effective for improving cognitive function than playing the same game alone. 
